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tural units represented by formula (I) to those represented by formula (II) of 1/9 to 9/1 (wherein R 1 and R 2 each inde- 
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having the alicyclic group; and R4 represents hydrogen, an optionally substituted C ri2 alkyl. optionally substituted C3. 
6 alicyclic or heterocyclic group, or substituted silyl group having a C r8 alkyl and/or aryl group). The copolymers have 
each a unimodal narrow molecular weight distribution and an essential skeleton having at least one segment with a con- 
trolled structure comprising (meth)acrylic ester units each having an organic group containing a bulky alicyclic group. 
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Description 

Technological Fields: 

5 [0001 ] The present invention relates to narrow polydispersity (meth)acrylic ester copolymers, and, in more detail, to 
narrow polydispersity (meth) acrylic ester copolymers having a number-average molecular weight of 1 ,000 to 50,000, a 
ratio of weight-average molecular weight (Mw) to number-average molecular weight (Mn), Mw/Mn, of 1 .00 to 1 .40, and 
an essential skeleton having at least one segment with a controlled structure comprising (meth)acrylic ester units each 
having an organic group containing a bulky alicyclic group, and to processes for producing the same. The copolymers 

10 of this invention will meet expectations for use as materials for ArF excimer laser resists. 

Background Art 

[0002] LSI integration has become denser every year. Along with it, there has been demand for finer patterns. Pho- 
75 toirthography by light exposure is used for fine processing. A promising candidate for next-generation technologies is 
excimer lithography using a KrF excimer laser for 256 Mb DRAM which heeds 0.25 urn rule or an ArF excimer laser for 
1Gb DRAM which needs 0.15 *im rule. A base resin to be highly transparent as a single-layer resist and excellent in dry 
etching resistance is essential for a material for ArF excimer laser resists. (Meth)acryiic ester copolymers that have an 
essential skeleton having at least one segment with a controlled structure comprising (meth)acrylic ester units each 
20 having an organic group containing a bulky alicyclic group have attracted attention. Usually such base resins for resists 
should be copolymers produced with 2 to 4 components including other (meth)acrylic esters and/or (meth)acryiic acid, 
in order to improve adhesion with a substrate and control alkali solubility, in addition to the aforementioned transparency 
and dry etching resistance. 

[0003] Documents, such as Japanese Patent Laid -Opened No. Hei 4-39665, Japanese Patent Laid-Opened No. Hei 
25 5-265212 and J. Photopolym. Sci. Techno!. 5 [3], 439 (1992), describe multi-component copolymers that have an 
essential component comprising (meth)acrylic ester units each having an organic group containing a bulky alicyclic 
group. However, these conventional copolymers obtained are not unimodal narrow polydispersity copolymers and have 
a disadvantage that the value of molecular weight distribution, Mw/Mn, is 2 to 5 and very wide. It is difficult to produce 
a copolymer with a controlled structure in a mufti-component system using three or more components. It is also difficult 
30 to produce complete block copolymers. In addition, it is necessary to remove non-reacted monomers and by-produced 
compounds with low molecular weight after polymerization. This is uneconomical and is another problem. 
[0004] It is an object of this invention to provide random or block (meth) acrylic ester copolymers that have a unimodal 
narrow molecular weight distribution and an essential skeleton having at least one segment with a controlled structure 
comprising (meth)acrylic ester units each having an organic group containing a bulky alicyclic group, and processes for 
35 producing the same. 

Disclosure of the Invention 

[0005] The inventors of the present invention have made intensive investigation to achieve the object mentioned 
40 above, and have found that a (meth)acrylic ester copolymer that has a unimodal narrow molecular weight distribution 
and an essential skeleton having at least one segment with a controlled structure comprising (meth)acrylic ester units 
each having an organic group containing a bulky alicyclic group can be produced by living anion polymerization. This 
invention has been thus completed. 

[0006] The present invention is directed to a narrow polydispersity (meth) acrylic ester copolymer which comprises 
45 structural units represented by Formulae (I) and (II) 
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where R t and R 2 are each independently hydrogen or methyl; R 3 is an optionally substituted alicyclic group having 7 to 
15 carbons or an alkyl group having the said alicyclic group; and R 4 is hydrogen, an optionally substituted alkyl group 
having 1 to 12 carbons, an optionally substituted alicyclic or heterocyclic group having 3 to 6 carbons or a substituted 
silyl group having an alkyl and/or aryl group of 1 to 8 carbons, and which has a number-average molecular weight of 
1.000 to 50,000. a ratio of weight-average molecular weight (Mw) to number-average molecular weight (Mn), Mw/Mn, 
of 1 .00 to 1 .40, and a ratio of the repeating structural units represented by Formula (I) to those of Formula (II) of 1/9 to 
9/1. The said copolymer is a random, block or partial block copolymer. 

[0007] The said copolymer is represented as follows, if it does not have a (meth)acrylic acid segment: 
[0008] A narrow poiydispersity (meth)acrylic ester copolymer which comprises structural units represented by Formu- 
lae (I) and (ll*) 
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3 o where R 1 and R 2 are each independently hydrogen or methyl; R 3 is an optionally substituted alicyclic group having 7 to 
15 carbons or an alkyl group having the said alicyclic group; and R 4 - is an optionally substituted aikyi group having 1 to 
12 carbons, an optionally substituted alicyclic or heterocyclic group having 3 to 6 carbons or a substituted silyl group 
having an alkyl and/or aryl group of 1 to 8 carbons, and which has a number-average molecular weight of 1,000 to 
50,000, a ratio of weight-average molecular weight (Mw) to number-average molecular weight (Mn), Mw/Mn, of 1 .00 to 

35 1 .40, and a ratio of the repeating structural units represented by Formula (I) to those of Formula (If) of 1/9 to 9/1 . 

[0009] The said copolymer is represented as follows, if it has a (meth) acrylic acid segment as an essential skeleton: 
- [001 01 A narrow polydispers'rty (meth)acrylic ester copolymer which comprises structural units represented by Formu- 
lae (I). (II) and (Hi) 

40 
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where R t , R 2 and R 5 are each independently hydrogen or methyl; R 3 is an optionally substituted alicyclic group having 
7 to 15 carbons or an alkyl group having the said alicyclic group; and R 4 is hydrogen, an optionally substituted alkyl 
group having 1 to 12 carbons, an optionally substituted alicyclic or heterocyclic group having 3 to 6 carbons or a sub- 
45 stituted silyl group having an alkyl and/or aryl group of 1 to 8 carbons, and which has a number-average molecular 
weight of 1,000 to 50,000. a ratio of weight-average molecular weight (Mw) to number-average molecular weight (Mn), 
Mw/Mn. of 1.00 to 1.40, and a ratio of the repeating structural units of Formula (0 to the total of those of Formulae (II) 
and (III) of 1/9 to 9/1. 

[001 1 ] The present invention is also directed to a process for producing the said narrow polydispersity (meth)acrylic 
so ester copolymers by living anion polymerization. 

[001 2] The following is a process for the said copolymer without having a (meth)acrylic acid segment: 

[001 3] A process for producing a narrow polydispersity (meth)acrylic ester copolymer, in which a (meth)acrytic ester 

of Formula (IV) 
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(where is hydrogen or methyl and R3 is an optionally substituted aJicyclic group having 7 to 15 carbons or an alkyl 

group having the said alicyclic group) 

is copolymerized with a (meth)acrylic ester of Formula (V) 
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(where R 2 is each independently hydrogen or methyl and Ffy is an optionally substituted alkyl group having 1 to 12 car- 
35 bons, an optionally substituted alicyclic or heterocyclic group having 3 to 6 carbons or a substituted silyl group having 
an alkyl and/or aryl group of 1 to 8 carbons) 

by anion polymerization using an alkali metal or organic alkali metal as an initiator. 

[0014] The following is a process for the said copolymers with a (meth) acrylic acid segment as an essential skeleton: 
[0015] A process for producing a narrow polydispersity (meth)acrylic ester copolymer, in which a (meth)acrylic ester 
40 of Formula (IV) 
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(where R 1 is hydrogen or methyl and R 3 is an optionally substituted alicyclic group having 7 to 15 carbons or an alkyl 

group having the said alicyclic group) 

is copolymerized with a (meth)acryfic ester of Formula (V) 
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(where R 2 is hydrogen or methyl and ffy is an optionally substituted alkyl group having 1 to 12 carbons, an optionally 
substituted alicyclic or heterocyclic group having 3 to 6 carbons or a substituted silyl group having an alkyl and/or aryl 
group of 1 to 8 carbons) 

by anion polymerisation using an alkali metal or organic alkali metal as an initiator, followed by the hydrolysis of part or 
20 the whole of R 4 - with acidic and/or alkaline reagents to introduce a (meth)acry!ic acid skeleton into the copolymer chain. 
[0016] Examples of (meth)acrylic esters of Formula (IV) in this invention include 1-adamantyl acrylate. 1-adamantyl 
methacrylate, 2-methyl-2-adamantyl acrylate, 2-methyl-2-adamantyl methacrylate, 1-methyleneadamantyl acrylate, 1- 
m ethyl en eadamantyl methacrylate, 1-ethyleneadamantyl acrylate, 1-ethyleneadamantyl methacrylate, 3,7-dimethyM- 
adamantyl acrylate, 3,7-dimethyl-1-adamantyl methacrylate, isobornyl acrylate, isobornyl methacrylate, tricyclodecanyl 
25 acrylate. tricyclodecanyl methacrylate, norbomane acrylate, norbornane methacrylate, menthyl acrylate and menthyl 
methacrylate. These compounds are used alone or a mixture of two or more. 

[0017] In the present invention, examples of (meth)acrylic esters of Formula (V), when they have an alkyl group of 1 
to 12 carbons, include methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, n-propyl acrylate, n-pro- 
pyl methacrylate, isopropyl acrylate, isopropyl methacrylate, n-butyl acrylate, n-butyl methacrylate, t-butyl acrylate, t- 

30 butyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyi methacrylate, isodecyl acrylate, isodecyl methacrylate, isooctyl 
acrylate, isooctyl methacrylate, lauryl acrylate and lauryl methacrylate; examples of (meth)acrylic esters having an ali- 
cydic or heterocyclic group of 3 to 6 carbons include cydohexyl acrylate, cyclohexyl methacrylate, tetrahydrofuranyl 
acrylate, tetrahydrofuranyl methacrylate, tetrahydropyranyl acrylate, tetrahydropyranyl methacrylate, 3-oxocyclohexyl 
acrylate. 3-oxocyclohexyl methacrylate, butyrolactone acrylate, butyrolactone methacrylate and mevalonic lactone 

35 methacrylate; and 

examples of (meth)acrylic esters having a substituted silyl group include trimethylsilyl acrylate, trimethylsilyl methacr- 
ylate, isopropyldimethylsil yl acrylate, isopropyidimethylsilyl methacrylate, t-butyldimethylsilyl acrylate. t-butyldimethyls- 
ilyl methacrylate, phenyldimethylsilyl acrylate and phenyldimethylsilyl methacrylate. 
[0018] These compounds are used alone or as a mixture of two or more. 

40 [0019] A process for producing the copolymers of the present invention is by reacting the aforementioned 
(meth)acrylic esters of Formulae (IV) and (V) by anion polymerization using an alkali metal or organic alkali metal as an 
initiator. Usually a copolymer with a controlled structure and narrow molecular-weight distribution is obtained when 
polymerization is carried out in organic solvents in the atmosphere of inert gas, such as nitrogen or argon, at a temper- 
ature between -100° C and 50° C, preferably between -70° C and 0° C. 

45 [0020] Examples of alkali metals for initiators are lithium, sodium, potassium and cesium. Alkyl. ally! and aryl com- 
pounds of the alkali metals mentioned above can be used as organic alkali metals. Examples of these compounds 
include ethyl lithium, n-butyl lithium, s-butyl lithium, t-butyl lithium, ethyl sodium, lithium biphenyl, lithium naphthalene, 
lithium triphenyl, sodium biphenyl, sodium naphthalene, sodium triphenyl, 1 , 1 -diphenylhexyl lithium and 1,1-diphenyl- 
3-methyIperrtyl lithium. 

so [0021] Organic solvents used in this invention are those commonly used in anion polymerization, including aliphatic 
hydrocarbons such as n-hexane and n-heptane; alicyclic hydrocarbons such as cyclohexane and cyclopentane; aro- 
matic hydrocarbons such as benzene and toluene; ethers such as diethyl ether, tetrahydrofuran and dioxane; and ani- 
sole and hexamethyiphosphoramide. These are used alone or as a mixture of two or more. 

[0022] As for a copolymer shape, a random copolymer In which each component is statistically distrbuted over a 
55 copolymer chain, partial block copolymer or complete block copolymer is synthesized, depending on how to add the 
aforementioned (meth)acrylic esters. For example, a random copolymer is produced by adding a mixture of compounds 
of the aforementioned Formulae (IV) and (V) to a reaction system for polymerization. A partial block copolymer is pro- 
duced in a process that one of the compounds is aii polymerized, followed by adding a mixture of the other compounds 
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to continue polymerization, or part of one of the compounds is polymerized beforehand and a mixture of both com- 
pounds is added to continue polymerization. A complete block polymer is produced by adding compounds of the afore- 
mentioned Formulae (IV) and (V) one by one to a reaction system for polymerization. 

[0023] According to the above processes, narrow polydispersity (meth)acrylic ester copolymers that have any 
number-average molecular weight in the range between 1 ,000 and 50,000. a ratio of weight-average molecular weight 
(Mw) to number-average molecular weight (Mn), Mw/Mn, of 1.00 to 1.40, more preferably 1.00 to 1 .30, and a ratio of 
repeating structural units of Formula (I) to those of Formula (II) of 1/9 to 9/1 can be produced. 
[0024] A (meth)acrylic acid segment is introduced into a chain of a copolymer produced aocording to the aforemen- 
tioned process, by hydrolysis in an organic solvent or a mixture of organic solvents including alcohols such as methanol 
and ethanol, ketones such as acetone and methyl ethyl ketone, cellosolves such as ethyl cellosolve and halogenated 
hydrocarbons such as carbon tetrachloride, in addition to the solvents exemplified in the polymerization reactions men- 
tioned above, at a temperature between room temperature and 150° C, with a catalyst of an acidic reagent such as 
hydrochloric acid, hydrogen chloride gas, sulfuric acid, hydrobromic acid, 1,1,1-trifluoroacetic acid and p-toluenesul- 
fonic acid or an alkaline reagent such as sodium hydroxide, ammonium hydroxide and tetramethyl ammonium hydrox- 
ide. In this case, only the (meth)acrylic ester skeleton represented by Formula (II*) is hydrolyzed without hydrolyzing the 
(meth)acrylic ester of Formula (I). The degree of hydrolysis is controlled by choosing such conditions as a type of cat- 
alyst addition amounts, reaction temperature and reaction time, for producing a target (meth)acrylic acid skeleton.. 

Most Preferred Embodiment 

[0025] The present invention is described in more detail in reference to Examples and Comparative Examples, the 
scope of this invention is not, however, restricted by the following examples. 

[0026] In Examples, m stands for the total number of the repeating units of the (meth)acrylic ester segment of Formula 
(I), n is the total number of the repeating units of the (meth)acrylic ester segment of Formula (IP) and p is the total 
number of the repeating units of the (meth)acrylic ester segment of Formula (III). 

Example 1 

[0027] In a nitrogen atmosphere, 20 mmol of s-butyl lithium was added into 1000 g of tetrahydrofuran (hereinafter 
abbreviated as THF). 0. 5 mol of 1 -adamantyl methacrylate (synthesized from 1 -adamantanol and methacrylic chloride 
and purified by distillation) was dropped over 30 minutes in stirring while keeping the temperature at -60° C. The reac- 
tion continued for another hour. The reaction completion was confirmed by gas chromatography (hereinafter abbrevi- 
ated as GC). Then, 0.5 mol of t-butyl methacrylate was dropped over 30 minutes. The reaction continued for another 
hour. The reaction completion was confirmed by GC. 

[0028] Methanol was added into the reaction system to terminate the reaction. The reaction solution was poured into 
a large amount of methanol. The polymer deposited was filtrated, washed and dried at 60° C for 5 hours to give a white 
powder polymer. The polymerization yield to the total amount of the monomers used was 99.5%. Measurements of the 
polymer by gel permeation chromatography (hereinafter abbreviated as GPC) showed that it was a narrow polydisper- 
sity polymer with Mn = 9,100 and Mw/Mn = 1.15. Its 13 C-NMR showed a copolymerization ratio, m/n = 25.1/25.3. 
[0029] Based on the above results, it was confirmed that copolymerization was carried out as designed and a narrow 
polydispersity block copolymer comprising 1 -adamantyl methacrylate and t-butyl methacrylate was obtained. 

Example 2 

[0030] In a nitrogen atmosphere, 40 mmol of s-butyl lithium was added into 1000 g of THF. Each of 0.4 mol of 1 -ada- 
mantyl methacrylate (same as that used in Example 1), 0.8 mol of methyl methacrylate and 0.8 mol of t-butyl methacr- 
ylate, in this order, was dropped into the reaction system over 30 minutes and stood for an hour, in stirring while keeping 
the temperature at -60° C. The copolymerization was carried out while confirming the reaction completion by GC at 
each stage. Methanol was added into the reaction system to terminate the reaction. The reaction solution was poured 
into a large amount of methanol. The polymer deposited was filtrated, washed and dried at 60° C for 5 hours to give a 
white powder polymer. The polymerization yield to the total amount of the monomers used was 99.8%. 
[0031] GPC measurements of the polymer showed that it was a narrow polydispersity polymer with Mn = 7,100 and 
Mw/Mn = 1 .20. Its 13 C-NMR showed a copolymerization ratio, m/n = 10.0/40.0. 

[0032] Based on the above results, it was confirmed that copolymerization was carried out as designed and a narrow 
polydispersity block copolymer comprising 1 -adamantyl methacrylate. methyl methacrylate and t-butyl methacrylate 
was obtained. 
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Example 3 

[0033] In a nitrogen atmosphere, 1 0 mmol of s-butyl lithium was added into 1 000 g of THR 0.5 mol of isobornyl meth- 
acrylate (a commercial product was purified by distillation for use) was dropped over 30 minutes in stirring while keeping 

5 the temperature at -40° C. The reaction continued for another hour. The reaction completion was confirmed by GC. 
Then, a mixture of 0.2 mol of t-butyl acrylate and 0.2 mol of tetrahydropyranyl methacrylate was dropped over 30 min- 
utes. The reaction continued for another hour. The reaction completion was confirmed by GC. 
[0034] Methanol was added into the reaction system to terminate the reaction. The reaction solution was poured into 
a large amount of methanol. The polymer deposited was f fltrated, washed and dried at 60° C for 5 hours to give a white 

10 powder polymer. The polymerization yield to the total amount of the monomers used was 99.3%. GPC measurements 
of the polymer showed that it was a narrow polydispersity polymer with Mn = 1 7,000 and Mw/Mn = 1 . 1 8. Its 13 C-NMR 
showed a copotymerization ratio, m/n = 49.8/40.0. 

[0035] Based on the above results, it was confirmed that copolymerization was carried out as designed and a narrow 
polydispersity partial block copolymer comprising isobornyl methacrylate, t-butyl acrylate and tetrahydropyranyl meth- 
is acrylate was obtained. 

Example 4 

[0036] In a nitrogen atmosphere, 50 mmol of s-butyl lithium was added into 1000 g of THR A mixture of 0.5 mol of 
20 tricyclodecanyl methacrylate (a commercial product was purified by distillation for use), 0.5 mol of t-butyl methacrylate 

and 0.3 mol of tetrahydropyranyl methacrylate was dropped over 30 minutes in stirring while keeping the temperature 

at -60° C. The reaction continued for another hour. The reaction completion was confirmed by GC. 

[0037] Methanol was added into the reaction system to terminate the reaction. The reaction solution was poured into 

a large amount of methanol. The polymer deposited was filtrated, washed and dried at 60° C for 5 hours to give a nutri- 
as tious, white powder polymer. The polymerization yield to the total amount of the monomers used was 99.3%. 

[0038] GPC measurements of the polymer showed that it was a narrow polydispersity polymer with Mn = 4,680 and 

Mw/Mn = 1.10. Its 13 C-NMR showed a copolymerization ratio, m/n = 10.2/15.9. 

[0039] Based on the above results, it was confirmed that copolymerization was carried out as expected and a narrow 
polydispersity random copolymer comprising tricyclodecanyl methacrylate, t-butyl methacrylate and tetrahydropyranyl 
30 methacrylate was obtained. 

Example 5 

[0040] In a nitrogen atmosphere, 40 mmol of s-butyl lithium was added into 1 000 g of THR 0.5 mol of t-butyl methacr- 
35 ylate was dropped over 30 minutes in stirring while keeping the temperature at -60° C. The reaction continued for 
another hour. The reaction completion was confirmed by GC. Then, a mixture of 0.3 mol of 1 -methyl en eadamarrtyl 
methacrylate (synthesized from 1-adamantane methanol and methacrylic chloride and purified by distillation), 0.3 mol 
of methyl methacrylate and 0.2 mol of 3-oxocydohexyl methacrylate was dropped over 30 minutes. The reaction con- 
tinued for another hour. The reaction completion was confirmed by GC. 
40 [0041] Methanol was added into the reaction system to terminate the reaction. The reaction solution was poured into 
a large amount of methanol. The polymer deposited was f fltrated, washed and dried at 60° C for 5 hours to give a white 
powder polymer. The polymerization yield to the total amount of the monomers used was 99.8%. 
[0042] GPC measurements of the polymer showed that it was a narrow polydispersity polymer with Mn = 5,280 and 
Mw/Mn = 1.18. Its 13 C-NMR showed a copolymerization ratio, m/n = 7.6/25.5. 
45 [0043] Based on the above results, it was confirmed that copolymerization was carried out as designed and a narrow 
polydispersity partial block copolymer comprising t-butyl methacrylate, 1-methyleneadamantyl methacrylate, methyl 
methacrylate and 3-axocydohexyI methacrylate was obtained. 

Example 6 

50 

[0044] In a nitrogen atmosphere. 10 mmol of n-butyl lithium was added into 1000 g of THR 0.5 mol of 2-methyl-2- 
adamantyl methacrylate (synthesized from 2-methyl-2-adamantanol and methacrylic chloride and purified by distilla- 
tion) was dropped over 30 minutes in stirring while keeping the temperature at -60° C. The reaction continued for 
another hour. The reaction completion was confirmed by GC. Then, 0.5 mol of t-butyl methacrylate was dropped over 
55 30 minutes. The reaction continued for another hour. The reaction completion was confirmed by GC. 

[0045] Methanol was added into the reaction system to terminate the reaction. The reaction solution was poured into 
a large amount of methanol. The polymer deposited was f fltrated, washed and dried at 60° C for 5 hours to give a white 
powder polymer. The polymerization yield to the total amount of the monomers used was 99.8%. 
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[0046] GPC measurements of the polymer showed that it was a narrow polydispersity polymer with Mn = 19,170 and 
Mw/Mn a 1 .13. Hs 13 C-NMR showed a copolymerization ratio, m/n = 51 .0/50.8. 

[0047] Based on the above results, it was confirmed that copolymerization was carried out as designed and a narrow 
polydispersity block copolymer comprising 2-methyl-2-adamantyl methacrytate and t-butyl methacrylate was obtained. 

5 

Example 7 

[0048] 40 mmol of n-butyl lithium and 42 mmol of 1 ,1 -diphenyl ethylene were added into 1 000 g of THF in a nitrogen 
atmosphere in stirring while keeping the temperature at -40° C, to give 1 ,1-diphenylhexyl lithium. A mixture of 0.5 mol 

10 of 1 -adamantyl acrylate (synthesized from 1 -adamantanol and acrylic chloride and purified by distillation), 0.3 mol of t- 
butyl methacrylate, 0.3 mol of cyclohexyl methacrylate and 0.3 mol of methyl acrylate was dropped into the reaction 
system over 30 minutes. The reaction continued for another hour. The reaction completion was confirmed by GC. 
[0049] Methanol was added into the reaction system to terminate the reaction. The reaction solution was poured into 
a large amount of methanol. The polymer deposited was f fltrated, washed and dried at 60° C for 5 hours to give a white 

15 powder polymer. The polymerization yield to the total amount of the monomers used was 98.2%. 

[0050] GPC measurements of the polymer showed that it was a narrow polydispersity polymer with Mn = 5,900 and 
Mw/Mn - 1.25. Its 13 C-NMR showed a copolymerization ratio, m/n = 12.5/22.5. 

[0051] Based on the above results, it was confirmed that copolymerization was carried out as designed and a narrow 
polydispersity random copolymer comprising 1 -adamantyl acrylate, t-butyl methacrylate, cyclohexyl methacrylate and 
20 methyl acrylate was obtained. 

Example 8 

[0052] In a nitrogen atmosphere, 20 mmol of s-butyl lithium was added. A mixture of 0.5 mol of 2-methyl-2-adamantyl 
25 methacrylate, 0.2 mol of t-butykJimethylsilyl methacrylate (synthesized from 1-butyldimethylsilyl chloride and meth- 
acrylic acid and purified by distillation) and 0.3 mol of t-butyl methacrylate was dropped over 30 minutes in stirring while 
keeping the temperature at -60° C. The reaction continued for another hour. The reaction completion was confirmed by 
GC. 

[0053] Methanol was added into the reaction system to terminate the reaction. The reaction solution was poured into 
30 a large amount of methanol. The polymer deposited was filtrated, washed and dried at 60° C for 5 hours under reduced 
pressure to give a white powder polymer. The polymerization yield to the total amount of the monomers used was 
99.0%. 

[0054] GPC measurements of the polymer showed that it was a narrow polydispersity polymer with Mn = 10,100 and 
Mw/Mn = 1.20. Its 13 C-NMR showed a copolymerization ratio, m/n = 25.1/25.0. 
35 [0055] Based on the above results, it was confirmed that copolymerization was carried out as designed and a narrow 
polydispersity random copolymer comprising 2-methyl-2-adamantyl methacrylate. t-butyldimethylsilyl methacrylate and 
t-butyl methacrylate was obtained. 

Example 9 

40 

[0056] 10 g of the polymer obtained in Example 1 was dissolved in a mixed solvent of toluene/ethanol (2/1) to make 
a 20% solution and 1 g of concentrated hydrochloric acid was added to react at 65° C for an hour. The reaction solution 
was poured into a large amount of water. The polymer deposited was filtrated, washed and dried at 70° C for 5 hours 
to give 9.7 g of white powder polymer. GPC measurements of the polymer showed Mn = 9.020 and Mw/Mn = 1.15. Its 
45 13 C-NMR showed a copolymerization ratio, m/n/p = 25.1/21 .8/3.6. The acid value was 22.3. 

[0057] Based on the above results, it was confirmed that a narrow polydispersity partial block copolymer comprising 
1 -adamantyl methacrylate, t-butyl methacrylate and methacrylic acid was obtained. 

Example 10 

50 

[0058] 10 g of the polymer obtained in Example 3 was dissolved in THF to make a 20% solution and 0.2 g of p-tolue- 
nesulfonic acid was added to react at 40° C for an hour. It was confirmed by 1 H-NMR that the tetrahydropyranyl group 
was completely eliminated. The reaction solution was poured into a large amount of water. The polymer deposited was 
filtrated, washed and dried at 60° C for 5 hours to give 9.7 g of white powder polymer. 
55 [0059] GPC measurements of the polymer showed Mn = 15.880 and Mw/Mn = 1.18. its 13 ONMR showed a copoly- 
merization ratio, m/n/jp = 50.0/32.1/7.7. The acid value was 27.1 . 

[0060] Based on the above results, it was confirmed that a narrow polydispersity partial block copolymer comprising 
isobornyl methacrylate, t-butyl acrylate and methacrylic acid was obtained. 
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Example 11 

[0061] 10 g of the polymer obtained in Example 8 was dissolved in THF to make a 10% solution and a few drops of 
2N-hydrochIoric acid was added to react at room temperature for 3 hours. It was confirmed by 1 H-NMR that the t-butyld- 
imethylsilyl group was completely eliminated. The reaction solution was poured into a large amount of water. The poly- 
mer deposited was filtrated, washed and dried at 60° C for 5 hours under reduced pressure to give 8.7 g of white powder 
polymer. GPC measurements of the polymer showed Mn = 8,860 and Mw/Mn = 1 .20. Its 13 C-NMR showed a copolym- 
erization ratio, m/n/p « 25.1/15.0/10.0. The acid value was 63.2. 

[0062] Based on the above results, it was confirmed that a narrow polydispersity random copolymer comprising 2- 
methyl-2-adamantyl methacrylate, t-butyl methacrylate and methacrylic acid was obtained. 

Comparative Example 1 

[0063] Into 1 00 g of toluene were added 1 1 mmol of azobisisobutyronitrile (hereinafter abbreviated as AIBN) as a rad- 
ical initiator, 0.1 mol of 1-adamantyl methacrylate and 0.1 mol of t-butyl methacrylate in a nitrogen atmosphere, and 
polymerized in stirring at 65° C for 5 hours. 5 mmol of AIBN was added. Temperature was raised to 80° C to carry on 
the reaction for 3 hours and further an hour at 95° C. 

[0064] The reaction solution was poured into a large amount of methanol. The polymer deposited was filtrated, 
washed and dried at 60° C for 5 hours to give a white powder polymer. The polymerization yield to the total amount of 
the monomers used was 91 .3%. 

[0065] GPC measurements of the polymer showed Mn = 8,800, Mw/Mn = 2.8, multi-peaks and a wide molecular- 
weight distribution. 

Comparative Example 2 

25 

[0066] Into 100 g of toluene were added 5 mmol of AIBN, 0.1 mol of 1-adamantyl methacrylate, 0.1 mol of methyl 
methacrylate and 0.1 mol of t-butyl methacrylate in a nitrogen atmosphere and radical polymerization was carried out 
as did in Comparative Example 1 . 

[0067] The reaction solution was fractionally purified twice with methanol/water and poured into a large amount of 
30 methanol. The polymer deposited was filtrated, washed and dried at 60° C for 5 hours to give a white powder polymer. 
The polymerization yield to the total amount of the monomers used was 82.7%. 

[0068] GPC measurements of the polymer showed Mn = 20,1 00, Mw/Mn = 1 .6 and a wide molecular-weight distribu- 
tion with a shoulder at the side of low molecular weight 

35 Comparative Example 3 

[0069] Into 100 g of toluene were added 12 mmol of AIBN and 0.2 mol of isobornyl methacrylate in a nitrogen atmos- 
phere, and polymerized in stirring at 65° C for 5 hours. 0.1 mol of t-butyl methacrylate was added to continue the reac- 
tion for 5 hours. 4 mmol of AIBN was further added. Temperature was raised to 80° C to carry on the reaction for 3 hours 
and further an hour at 95° C. 

[0070] Non-reacted monomers and compounds with low molecular weight were removed from the reaction solution 
by fractional purification with methanol/water. Volatile matter was then distilled out under reduced pressure to give a pol- 
ymer. 

[0071] GPC measurements of the polymer showed Mw/Mn = 4.8 and multi-peaks. Components in each eluate from 
fractional GPC were measured by 1 H-NMR. The obtained polymer was a mixture of homopolymers of individual com- 
ponents and copolymers with irregular compositions. It was thus confirmed that the target block copolymer was not pro- 
duced. 

Comparative Example 4 

50 

[0072] Into 100 g of toluene were added 1 5 mmol of azobisisobutylon'rtrile (hereinafter abbreviated as AIBN) as a rad- 
ical initiator, 0.1 mol of 1-adamantyl methacrylate, 0.1 mol of t-butyl methacrylate and 0.1 mol of methacrylic acid in a 
nitrogen atmosphere, and polymerized in stirring at 65° C for 5 hours. 0.3 mmol of AIBN was added. Temperature was 
raised to 80° C to carry on the reaction for 3 hours and further an hour at 95° C. 
55 [0073] The reaction solution was poured into a large amount of methanol. The polymer deposited was filtrated, 
washed and dried at 60° C for 5 hours to give a white powder polymer. The polymerization yield to the total amount of 
the monomers used was 92.3%. 

[0074] GPC measurements of the polymer showed Mn = 9,200, Mw/Mn = 3.1, multi-peaks and a wide molecular- 
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weight distribution. 
Comparative Example 5 

5 [0075] Into 100 g of toluene were added 5 mmol of AlBN, 0.1 mol of 1-adamantyl methacrylate, 0.1 mol of methyl 
methacrylate, 0.1 mol of t-butyl methacrylate and 0.1 mol of acrylic acid in a nitrogen atmosphere and radical polymer- 
ization was carried out as did in Comparative Example 1. 

[0076] The reaction solution was fractionally purified twice with methanol/water and poured into a large amount of 
methanol. The polymer deposited was filtrated, washed and dried at 60° C for 5 hours to give a white powder polymer. 
10 The polymerization yield to the total amount of the monomers used was 81 .5%. 

[0077] GPC measurements of the polymer showed Mn = 23,100. Mw/Mn = 1.7 and a wide molecular-weight distribu- 
tion with a shoulder at the side of low molecular weight 



Industrial Use 

15 

[0078] The present invention provides narrow polydispersity random, block or partial block copolymers of 
(meth)acrylic esters, which are expected to be used as materials for ArF excimer laser resists. The copolymers have a 
unimodal narrow molecular-weight distribution and an essential skeleton having at least one segment with a controlled 
structure comprising (meth) acrylic ester units each having an organic group containing a bulky alicyclic group. 

20 

Claims 



25 



30 



35 



40 



1. A narrow polydispersity (meth)acrylic ester copolymer which comprises structural units represented by Formulae 
(I) and (II) 

-fCH 2 -C4- 

Lo (I) 
I 

0 

I 

R* 



45 



-(-CHo-C4- 
I 

c=o 

I 

0 

I 

so ^4 



(I I) 



where and R 2 are each independently hydrogen or methyl; R 3 is an optionally substituted alicyclic group having 
7 to 15 carbons or an alkyl group having the said alicyclic group; and R 4 is hydrogen, an optionally substituted alkyl 
55 group having 1 to 12 carbons, an optionally substituted alicyclic or heterocyclic group having 3 to 6 carbons or a 
substituted silyl group having an alkyl and/or aryl group of 1 to 8 carbons, and which has a number-average molec- 
ular weight of 1,000 to 50,000. a ratio of weight-average molecular weight (Mw) to number-average molecular 
weight (Mn), Mw/Mn, of 1 .00 to 1 .40, and a ratio of the repeating structural units represented by Formula (I) to those 
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of Formula (II) of 1/9 to 9/1. 

A narrow polydispersity (meth)acrylic ester copolymer according to Claim 1 , which comprises structural units rep- 
resented by Formulae (I) and (I V) 

-KH2-C-J- 

C=0 ( I ) 

I 

0 

I 

R* 



-f CH2-C-?- 
I 

c=o 

I 

0 

I 

R 4 . 



(II') 



where R 1 and R 2 are each independently hydrogen or methyl; R 3 is an optionally substituted alicydic group having 
7 to 15 carbons or an alkyl group having the said alicydic group; and R 4 « is an optionally substituted alkyl group 
having 1 to 12 carbons, an optionally substituted alicydic or heterocyclic group having 3 to 6 carbons or a substi- 
tuted silyl group having an alkyl and/or aryl group of 1 to 8 carbons, and which has a number-average molecular 
weight of 1,000 to 50,000, a ratio of weight-average molecular weight (Mw) to number-average molecular weight 
(Mn). Mw/Mn, of 1.00 to 1.40, and a ratio of the repeating structural units represented by Formula (I) to those of 
Formula (II 1 ) of 1/9 to 9/1 . 

A narrow polydispersity (meth)acrylic ester copolymer according to Claim 1, which comprises structural units rep- 
resented by Formulae (I), (II) and (III) 
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? 1 

— f CHO-C4- 
I 

c=o 

I 



(I) 



10 



15 



20 



-f CHo-C4- 
I 

c=o 

I 



(I I) 



25 



30 



35 



I 

-e-CH 2 -C-)- 
I 

c=o 



(III) 



OH 



40 where R-, , R 2 and R 5 are each independently hydrogen or methyl; R 3 is an optionally substituted alicyclic group 
having 7 to 15 carbons or an alkyf group having the said alicyclic group; and R 4 is hydrogen, an optionally substi- 
tuted alkyl group having 1 to 12 carbons, an optionally substituted alicyclic or heterocyclic group having 3 to 6 car- 
bons or a substituted silyl group having an alkyl and/or aryl group of 1 to 8 carbons, and which has a number- 
average molecular weight of 1 ,000 to 50,000, a ratio of weight-average molecular weight (Mw) to number-average 

45 molecular weight (Mn), Mw/Mn, of 1 .00 to 1 .40, and a ratio of the repeating structural units of Formula (0 to the total 
of those of Formulae (II) and (III) of 1/9 to 9/1 . 

4. A narrow polydispersity (meth)acrylic ester copolymer according to Claims 1 to 3, in which the copolymer is a ran- 
dom copolymer. 

so 

5. A narrow polydispersity (methjacrylic ester copolymer according to Claims 1 to 3, in which the copolymer is a block 
copolymer. 

6. A narrow polydispersity (meth)acrylic ester copolymer according to Claims 1 to 3, in which the copolymer is a par- 
55 tial block copolymer. 

7. A process for producing a narrow polydispersity (methjacrylic ester copolymer according to Claim 2, in which a 
(meth)acrylic ester of Formula (IV) 
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CH 2 = C 

C=0 ( I V) 

I 

0 

I 

R 3 



(where R-i is hydrogen or methyl, R 3 is an optionally substituted alicyclic group having 7 to 1 5 carbons or an alkyl 

group having the said alicyclic group) 

is copolymerized with a (meth)acrylic ester of Formula (V) 

CH2=C 

C=0 (V) 
I 

0 

I 

R 4 . 



(where R 2 is each independently hydrogen or methyl, Ffy is an optionally substituted alkyl group having 1 to 1 2 car- 
bons, an alicyclic or heterocyclic group having 3 to 6 carbons or a substituted silyl group having an alkyl and/or aryl 
group of 1 to 8 carbons), 

by anion polymerization using an alkali metal or organic alkali metal as an initiator. 

A process for producing a narrow polydispersity (meth)acrylic ester copolymer according to Claim 3, in which a 
(meth)acrylic ester of Formula (IV) 



1 



CH 2 = 



C 
I 

c=o 

I 

0 

I 



( I V) 



(where R 1 is hydrogen or methyl, R3 is an optionally substituted alicyclic group having 7 to 15 carbons or an alkyl 

group having the said alicyclic group) 

is copolymerized with a (meth)acryiic ester of Formula (V) 
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CH2=C 



c=o 



R 4 . 



(V) 



(where R 2 is hydrogen or methyl, Ffy is an optionally substituted alkyl group having 1 to 12 carbons, an optionally 
substituted alicyclic or heterocyclic group having 3 to 6 carbons or a substituted silyl group having an alkyl and/or 
aryl group of 1 to 8 carbons), 

by anion polymerization using an alkali metal or organic alkali metal as an initiator, followed by the hydrolysis of part 
or the whole of ffy with acidic and/or alkaline reagents to introduce a (meth)acrylic acid skeleton into the copolymer 
chain. 
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